Abstract The goal of this research was to illuminate the relationship between students' acceptance and understanding of macroevolution. Our research questions were: (1) Is there a relationship between knowledge of macroevolution and acceptance of the theory of evolution?; (2) Is there a relationship between the amount of college level biology course work and acceptance of evolutionary theory and knowledge of macroevolution?; and (3) Can college student acceptance of the theory of evolution and knowledge of macroevolution change over the course of a semester? The research participants included 667 students from a firstsemester biology course and 74 students from the evolutionary biology course. Data were collected using both the MATE (a measure of the acceptance of evolutionary theory) and the MUM (a measure of understanding of macroevolution). Pre-instruction data were obtained for the introductory biology course, and pre-and post-data were obtained for the evolutionary biology course. Analysis revealed acceptance of evolution (as measured by the MATE) was correlated to understanding of macroevolution, and the number of biology courses was significantly correlated to acceptance and knowledge of macroevolution. Finally, there was a statistically significant change in students' understanding of macroevolution and acceptance of evolution after the one-semester evolutionary biology course. Significance of these findings is discussed.
Introduction
There is a growing interest in more deeply investigating the role affective constructs play in shaping students' learning (Sinatra and Pintrich 2002) . Educational researchers are beginning to understand more fully what classroom teachers have long recognized; multiple variables combine to influence learning, and so learning is seldom a straightforward, rational, or linear process (Sinatra et al. 2008) . Some scholars examine the role learners' epistemological beliefs play in shaping learning (Wood and Kardash 2002) , others focus on the actions of learning dispositions (Stanovich and West 1997) or motivation (Elliot and Dweck 2005) . When instructional content focuses on controversial issues, such as biological evolution, the affective construct that surfaces most quickly is belief. In these situations, beliefs are commonly thought to shape students' learning of science concepts. This interplay between belief and knowledge is the focus of our research. Belief and knowledge in science are paradoxical because they are arguably distinctly different concepts (Smith 1994 ) and yet, inextricably related (Smith and Siegel 2004) . The goal of our research is to further illuminate the relationship between students' acceptance of evolution and their understanding of this construct-and we do this in the relatively unexplored conceptual field of macroevolution.
Knowledge and Belief
However, before proceeding, it is necessary to set some guideposts for our work. The first standard we intend to establish is the distinction between knowledge and belief.
There has been on-going debate regarding the similarity and differences between knowledge and belief in science education (Smith 1994; Smith and Siegel 2004; Southerland et al. 2001) . Organizations such as the Gallup poll may further contribute to the conflation of knowledge and belief, as they conduct and report on the response to their evolution survey query regarding the "belief about the origin of human beings" (Newport 2008) . This approach to assessing public opinion about human evolution can easily be perceived to muddle acceptance and understanding. Some argue there are significant differences between knowledge and belief and these differences should be emphasized (Smith and Siegel 2004) , while others contend that emphasizing the distinction between the two constructs may negatively impact opportunities for student learning (Cobern 2004) .
Regardless of the pedagogical and philosophical positions in science education regarding attention toward knowledge and belief, there is general agreement these are two distinctly unique constructs. Alexander and Dochy (1995) and Smith and Siegel (2004) contend that the fundamental difference between knowledge and belief is that knowledge is based on an evaluation of evidence and is subject to revision based on empirical examination, while belief is based on faith and does not stem from or require empirical proof. From an educational perspective, it is useful to associate knowledge with understanding, while belief may be associated with acceptance of the validity of a construct (Southerland et al. 2001) . Because of the attention that knowledge and belief have received in evolution education research and continue to experience, there is justification for establishing this guidepost.
Belief and Acceptance
Many researchers in evolution education are careful to draw a distinction between a learners' belief in a construct and their acceptance of that construct (Nadelson 2009 ; National Academy of Sciences 1998 Smith et al. 1995; Southerland 2000) . Smith (1994) argues that belief of a construct implies that the judgment of the validity of knowledge is based on personal convictions, opinions, and the degree of congruence with other belief systems. In contrast, acceptance of the validity of knowledge is based on an examination of the plausibility, persuasiveness, and fruitfulness of the empirical support for the construct. For example, a learner might not believe that mosquitoes are a beneficial organism, but may accept, according to scientific evidence, that all organisms have a function within ecosystems and biomes. Unlike belief, for a learner to accept a theory is valid is not dependent on personal perspectives of the supernatural, nature, and the world, but rather a rational evaluation of that knowledge claim (Rutledge and Mitchell 2002; Smith 1994) . We maintain acceptance, as a construct, relies on recognizing the validity of a scientific knowledge based on supporting evidence and is not simply a matter of personal opinion, which places acceptance in strong contrast with belief (Southerland et al. 2001 ).
Acceptance and Knowledge of Evolution
How does a learner's understanding of evolution intersect with their acceptance of the theory? It stands to reason that the stability of individuals' acceptance of evolution-related concepts, hypotheses, and the theory as a whole, may be directly related to their levels of familiarity and understanding of the associated evidence. However, research suggests that affective factors may serve as a barrier to the development of knowledge of evolution, which in turn could constrain acceptance of the theory (Brem et al. 2003; Smith 1994) . That is, students may reject evolution theory due to negative affective beliefs that evolution is in conflict with their personal beliefs (Dagher and BouJaoude 1997; Southerland 2000) , or they may simply view the prospect of evolution as disheartening (Brem et al. 2003) , reducing their willingness to engage in learning more about the theory. When students hold such perspectives and "tune out" to evolution-related instruction, they are more likely to continue to reject the scientific view. This perspective suggests that students' affective stance toward evolution must be addressed prior to or concurrently with instruction to have success (Cobern 2004; Jackson 2000; Meadows et al. 2000; Scharmann 1990; Smith 1994; Smith and Siegel 2004 ).
An alternative view suggests that students' knowledge serves as the barrier to developing an acceptance of scientific explanations of phenomena, including biological evolution (Lawson and Worsnop 1992; Lawson et al. 2000) . According to this position, students cannot evaluate the strength of a theory until they have sufficient conceptual knowledge upon which to base their judgments. There are important pedagogical ramifications if both these assertions are true. If correct, changing students' understanding of evolution would necessitate addressing their affective perspectives before they can learn about evolution topics. But, ironically, students are not likely to change their views of a theory until they have sufficient knowledge to do so. The probable interplay between these two viewpoints makes the difficulties and complexity of teaching and learning about evolution all the more apparent.
The results of empirical research on the effect of knowledge on belief or acceptance have been mixed but largely negative (Nehm and Schonfeld 2007) . A number of studies suggest that knowledge-oriented interventions do not change students' beliefs or acceptance (Angiullo et al. 1996; Carmel et al. 1992; Erickson et al. 2003; Harris et al. 1991; Koumi and Tsiantis 2001; Showers and Shrigley 1995) . Indeed, there is evidence to suggest that content instruction in evolutionary biology does not provoke a detectable change in students' acceptance of evolution (Demastes-Southerland et al. 1995; Sinatra et al. 2003 , 2005 . Thus it seems that students can achieve gains in understanding of evolution without an accompanying change in their acceptance of theory. Alternatively, students can change their beliefs in evolution without understanding the theory. Here we use the term "belief" deliberately instead of acceptance because acceptance requires some degree of basic understanding, while students can come to believe in a theory without a fundamental understanding (Demastes-Southerland et al. 1995) .
To this point, the results of empirical work on acceptance and understanding of evolution suggests that the two are not closely linked. These results are incongruous with the intuitive perspectives of most teachers who have worked in this area. One point that is important to recognize is that most of the current research in this area has focused on:
& Students' acceptance of evolution, measured by instruments such as the Measure of Acceptance of the Theory of Evolution (MATE; Rutledge and Warden 1999) . & Students' knowledge of natural selection (that is, a specific microevolutionary process), as measured through instruments such as the CINS (Anderson et al. 2002) or the UBC (Settlage and Odom 1995) .
To understand the implications of research that has focused solely on microevolutionary processes to investigate the intersection between knowledge and acceptance, we need to tread a bit of biological ground.
Microevolution and Macroevolution
Evolution is a continuous process that unifies aspects of natural selection, environmental changes, adaptation, time, chance, and mutations (Miller 1999) . Despite this concise explanation of evolution as a single unified theory, there remains a tendency to divide evolution into processes occurring in the short term (microevolution) and in the long term (macroevolution; Erin 2000). Alters and Alters (2001) define microevolution as "merely changes within the same 'kinds' of organisms" (p 88) and define macroevolution as "evolution of taxa higher than the level of species" (p 89). The division between macro and microevolution can be blurred and dynamic, continually adjusting as new evidence is presented and as new organisms or unique features or conditions are discovered (Hendry and Kinnison 2001; Simons 2002) .
We recognize the potential for the artificial division of evolution into the relatively contrived categories of microevolution and macroevolution to raise concerns among biologists. However, we contend the division provides a useful context for examining students' understanding and acceptance of the evolutionary process in the short and long term. Therefore, we justify the consideration of these separate categories as pedagogically and psychologically important.
Research describes the differences between some learners' acceptance and understanding of short-term microevolution and long-term macroevolution (Alters and Alters 2001) . There is evidence to suggest that students may accept microevolution as a valid scientific explanation (e.g., change in bacteria to become resistant to antibiotics) while they reject macroevolution (e.g., speciation events, that is, new species of organisms arising from an ancestral species; Alters & Alters; King 2009; Scott 2005) . Similarly, some learners may understand the microevolutionary process of natural selection but fail to understand how new species can eventually arise though this process. We argue that if public views short-term evolution (microevolution) as somehow different from their views of long-term evolution (macroevolution), then the somewhat artificial distinction between the two processes may prove to be instrumental and fundamental to our efforts to describe how individuals come to understand and accept evolution.
The bulk of the research examining student understanding of evolution to date has focused on microevolutionary processes (such as natural selection), not macroevolutionary processes and events (such as speciation, fossil evidence; i.e., Anderson et al. 2002: Bishop and Anderson 1990; Nadelson 2009; Sinatra et al. 2003; Southerland and Sinatra 2003, 2005) . Because of this methodological limitation, the research conversation in evolution education has taken what has been learned in terms of students' understanding of microevolutionary process and applied it to evolution broadly conceived (including both micro and macroevolution). In short, given the methodological limitation of focusing on perceptions of microevolutionary processes and the tendency of the general public to view micro and macroevolutionary events differently, we argue that much of the past research in this area has overstepped the boundaries of its data.
Research Questions
Given that much of the previous research suggests that students' acceptance of evolution is not linked to their understanding of microevolutionary processes, we sought to extend this line of work to students' understanding of macroevolution. The questions we used to guide our research were:
1. Is there a relationship between knowledge of macroevolution and acceptance of the theory of evolution?
2. Is there a relationship between the amount of collegelevel coursework in biology and acceptance of evolutionary theory and knowledge of macroevolution? 3. Can college student acceptance of the theory of evolution and knowledge of macroevolution change over the course of a semester?
We anticipated our participants would respond in a manner indicating a strong relationship between their understanding and acceptance of macroevolution. We hypothesized that college students with greater knowledge of biology, as measured by number of biology courses, would have a higher acceptance and understanding of macroevolution. Furthermore, we predicted that students with extensive coursework in biology would not experience a change in acceptance of evolution as a result of a onesemester course, although we did predict a change in understanding of macroevolution over this time period.
Methodology

Participants
This research took place in a large urban university in the southeastern USA. The participants were recruited from two courses, an introductory first semester biology course and a capstone undergraduate course in evolutionary biology. Of the 667 participants from the first semester biology course, 61.6% were female and 38.4% were male, with an average age of 19.21 years and had taken an average of 0.45 semesters of college level biology courses. The 74 participants from the evolutionary biology course were 66.7% female and 33.3% male, with an average age of 22.36, and had taken an average of 8.87 college level biology courses.
Instruments
To assess student understanding of macroevolution, we used the recently developed Measure of Understanding of Macroevolution (MUM), the only quantitative measure currently available to assess students' general knowledge of macroevolution. The detailed explanation of the development and process of instrument validation can be found in Nadelson and Southerland (2010) . Briefly, the items of this instrument are based on the core concepts of deep time, fossilization, speciation, the nature of science, and classification. The instrument items include a series of questions related to core concepts in reference to scenarios that provide a macroevolution context. The scenarios and questions are based on what is perceived to be foundational knowledge of macroevolution that individuals should have acquired upon completing a standard high school science curriculum. Reliability analysis of the 27-item, forcedresponse instrument revealed a Cronbach's Alpha of 0.87, which indicates the instrument has good reliability.
The Measure of Acceptance of the Theory of Evolution instrument (Rutledge and Warden 1999) was used to determine participants' acceptance of evolutionary theory. This is a 20-item, five-point Likert scale questionnaire with responses ranging from "Strongly Agree" to "Strongly Disagree." Scores range from 20-100 possible points, with 20 being the lowest level of acceptance and 100 being the highest level of acceptance. The MATE uses items such as, "The theory of evolution is incapable of being scientifically tested." In previous research, the reliability of the instrument was determined to be 0.98 with an item total correlation of r=0.65, indicating all items contributed to the total reliability of the instrument. The instrument was developed to determine high-school teacher acceptance of evolutionary theory. The prior reliability values and intended application of the instrument suggest that it was appropriate for use in this study.
Data Collection
Pre-and post-instruction data were obtained for the evolutionary biology course (allowing us to address research questions 1, 2, and 3; N=74). Pre-data were obtained for the introductory biology course (allowing us to address research questions 1 and 2; N=667). We entered all our data into SPSS, coded it accordingly, and then conducted our analysis.
Analyses and Results
We began our analysis by calculating the reliability of the MUM and the MATE. For the MUM we achieve a Cronbach's alpha of 0.86 and for the MATE we achieved a Cronbach's alpha of 0.93. These values indicate a good-toexcellent level of instrument reliability in our study.
Our first research question asked: Is there a relationship between knowledge of macroevolution and acceptance of the theory of evolution? To answer this research question, we combined the data from the introductory biology and evolutionary biology cohorts. Our analysis began by conducting a Pearson's correlational analysis using the scores on the MATE and MUM as our variables. Our results revealed that acceptance of evolution (as measured by the MATE) was correlated to understanding of macroevolution (as measured by the MUM) r (741)=0.47, p<0.01. This suggests that as the learners' knowledge of macroevolution increased there was a statistically significant increase in their acceptance of the theory of evolution.
Our second research question asked: Is there a relationship between the amount of college level course work in biology and acceptance of evolutionary theory and knowledge of macroevolution? To answer this research question we combined the data from the introductory biology and evolutionary biology cohorts. Again we conducted a Pearson's correlational analysis using the number of courses and the scores on the MATE and the MUM. Our analysis revealed that the number of courses was significantly correlated to acceptance r (741)=0.27 p<0.01. Our analysis also revealed that the number of courses was significantly related to knowledge of evolution r (741)= 0.35, p<0.01. This suggests that college level coursework in biology is significantly positively related to students' acceptance of evolution and knowledge of macroevolution.
Our third research question asked: Can college student acceptance of the theory of evolution and knowledge of macroevolution change over the course of a semester? To answer this research question we used the pre-and postcourse MUM and MATE scores of the evolutionary biology students. Given the relatively extensive course work of these students, we did not anticipate significant changes in acceptance (a ceiling effect) but did anticipate a significant change in understanding of macroevolution. The Human Subjects Review Board requirement of participant anonymity complicated the opportunity for a paired samples analysis; therefore an independent samples t test was conducted on course-level pre-and post-scores. The analysis revealed a significant increase in understanding of macroevolution as measured by the MUM, t (146)=2.77, p<0.01, which we anticipated. The analysis of acceptance as measured by the MATE was revealed to significantly increase as well t (146)= 3.38, p<0.01, which we did not anticipate since we assumed that these scores would be rather high and therefore be subject to a ceiling effect. Regardless, these results suggest that in a single course of study students may undergo significant shifts in both their understanding of macroevolution and in acceptance of evolutionary theory. This also provides further evidence indicating that as students' knowledge increases so does their acceptance of evolution.
Discussion
The relationship and differences between acceptance and understanding of a concept such as evolution has been the subject of continued discussion (Cobern 2004; Smith 1994; Southerland and Sinatra 2003) . But it is also apparent that there are philosophical and psychological differences in belief or acceptance and understanding of evolution. Much of the past research in this area has focused on student knowledge of microevolution, but following the work of Catley (2006) and others, we argue that it is necessary to examine the intersection of knowledge, acceptance, and belief in macroevolution as well.
Our findings indicate that acceptance of evolution (broadly conceived, including both micro and macroevolution) and understanding of macroevolution are significantly correlated. This is contrary to the findings of others who have examined this interaction with microevolutionary events. For instance, Sinatra et al. (2003) did not find a relationship between acceptance of evolution and knowledge of microevolution in nonbiology majors.
It is important to note that our results did confirm the detection of the relationship by Southerland and Sinatra (2005) , who found a marginally significant relationship between acceptance of evolution and knowledge of microevolution in biology majors. Thus our findings suggest that the relation between acceptance and knowledge varies dependent both on the amount of knowledge a student has about the topic (with students with more knowledge having a close relationship between knowledge and acceptance) and when the construct measured is understanding of macroevolution as opposed to microevolution (as has been the case with past research).
Our results also revealed a significant correlation between amount of coursework in biology with acceptance and understanding of evolution, as was suggested by Southerland and Sinatra (2005) . Our findings suggest that educational experience can influence students' knowledge and acceptance of macroevolution. This has important implications for how we prepare scientists and science teachers. There may be a critical threshold of coursework that must be achieved to significantly impact levels of understanding or acceptance of evolution and in particular, macroevolution. We argue that this finding should be further explored to inform college coursework of both biologist and biology teachers.
Our findings indicate a significant change in both understanding of macroevolution and acceptance of evolution during a semester course, even though acceptance of evolution is reported to be a rather stable construct (Rutledge and Warden 1999) . This has important implications with regard to evolution education. Our evidence that a single-semester college course can impact acceptance and understanding of evolution suggests that changing the conceptions may be attained through a properly structured curriculum (as has also been reported by Butler (2009) ). Further research is needed in this area to determine what aspects of the curriculum may be needed to induce the changes in understanding and to determine if detected changes are long-lasting.
Given the findings of past research in knowledge and belief in microevolution, evolution educators (including the authors) have taken solace in the notion that instruction about evolution may influence a learner's understanding of this construct, but not his/her acceptance of it. This has been an important point, as science educators (particularly evolution educators) recognize a change in understanding to be an appropriate goal for science teaching-and have long held that focusing on changing students' acceptance of this construct is "off limits" as a goal for instruction (Smith and Siegel 2004) . Thus we thought that as we taught students material that conflicted with their personal belief system, our instruction was unlikely to change their acceptance of material; instead we understood the influence of our teaching to only influence students' understandings of material. Past research suggests this balancing act was a reasonable approach to the teaching of such controversial material (Smith and Siegel 2004; Southerland 2000; Southerland and Sinatra 2003) . However, our current findings, given our focus on macroevolution, paint a different landscape. As we expand evolution education to include a greater focus on macroevolutionary events (Cately 2006), our findings suggest that science educators need to attend to the work of Cobern (2004) and consider the interactions of students' out-of-school lives and beliefs with their science learning.
